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57 ABSTRACT 

Method or fabricating semiconductor devices such as thin 
film transistors by annealing a substantially amorphous 
silicon film at a temperature either lower than normal 
crystallization temperature of amorphous silicon or lower 
than the glass transition point of the substrate so as to 
crystallize the silicon film. Islands, stripes, lines, or dots of 
nickel, iron, cobalt, or platinum, silicide, acetate, or nitrate 
of nickel, iron, cobalt, or platinum, film containing various 
salts, particles, or clusters containing at least one of nickel, 
iron, cobalt, and platinum are used as starting materials for 
crystallization. These materials are formed on or under the 
amorphous silicon film. 

21 Claims, 22 Drawing Sheets 
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1. 

SEMICONDUCTOR, SEMICONDUCTOR 
DEVICE, AND METHOD FOR FABRICATING 

THE SAME 

This is a Divisional application of Ser. No. 08/196,856, 
filed Feb. 15, 1994 pending. 

BACKGROUND OF THE INVENTION 

This invention relates to a method for obtaining crystal 
line semiconductors for use in thin film devices such as thin 
film insulator gate type field effect transistors (Thin Film 
Transistors, or TFTs). 

Conventionally, crystalline silicon semiconductor thin 
films used in thin film devices such as thin film insulator gate 
type field effect transistors (TFTs) have been manufactured 
by forming an amorphous silicon film on an insulating 
surface such as an insulator substrate by plasma CVD or 
thermal CVD and then crystallizing this film in an electric 
furnace or the like at a temperature of above 600° C. over a 
long period of twelve hours or more. In order to obtain 
particularly good performance (high field effect mobility and 
high reliability), heat treatment for even longer periods has 
been required. 

However, there have been numerous problems associated 
with this kind of conventional method. One problem has 
been that throughput is low and therefore costs are high. For 
example, if 24 hours are required for this crystallization 
process, and if the treatment time for each substrate is 2 
minutes, it has been necessary to treat 720 substrates at the 
same time. However, for example, in a commonly used tube 
furnace the number of substrates that can be treated at one 
time is 50 at the most, and when one only apparatus (reaction 
tube) is used the time taken per substrate has been as long 
as 30 minutes. In other words, in order to make the treatment 
time per substrate 2 minutes, it has been necessary to use as 
many as 15 reaction tubes. This has meant that the scale of 
the required capital investment has been great and that the 
depreciation on that investment has been large and has kept 
the cost of the product high. 

Another problem has been the temperature of the heat 
treatment. Substrates commonly used in the manufacture of 
TFTs can be generally divided into those which consist of 
pure silicon oxide, like quartz glass, and no-alkali borosili 
cate glass types, like Corning Co.'s No. 7059 (hereinafter 
referred to as Corning 7059). Of these two classes, in the 
case of the former, because they have excellent resistance to 
heat and can be handled in the same way that substrates are 
handled in ordinary semiconductor integrated circuit wafer 
processes, there are no problems relating to heat. However, 
they are expensive, and their cost rapidly increases expo 
nentially along with increases in surface area. Therefore, at 
present, they are only being used in TFT integrated circuits 
of relatively small surface area. 

No-alkali glass, on the other hand, is of satisfactorily low 
cost compared to quartz; however, its resistance to heat is a 
problem, and because its distortion point is generally about 
550° to 650 C., and in the case of particularly easily 
acquired materials is below 600° C., with heat treatment at 
600° C. problems of irreversible shrinkage and warping 
have arisen. These problems have been especially conspicu 
ous with large substrates of over 10 inches in diagonal. For 
reasons like these it has been considered in connection with 
the crystallization of silicon semiconductor films that heat 
treatment conditions of below 550° C. and less than 4 hours 
are indispensable to reductions in cost. An object of this 
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2 
invention is to provide a method for manufacturing a semi 
conductor which clears these conditions and a method for 
manufacturing a semiconductor device in which such a 
semiconductor is used. 

SUMMARY OF THE INVENTION 

This invention is characterized in that a crystalline silicon 
film is obtained by forming a film, islandish film, dot, line, 
particles or clusters or the like containing nickel, iron, 
cobalt, platinum or palladium on or underneath a silicon film 
in a disordered state of a kind which can be described as an 
amorphous state or a substantially amorphous state (for 
example a state in which portions having good crystallinity 
and amorphous portions exist together) and annealing this at 
a temperature which is lower, and preferably 20 to 150° C. 
lower, than the normal crystallization temperature of anor 
phous silicon, or at a temperature which is lower than the 
glass transition point of the substrate, for example at a 
temperature below 580° C. 

With regard to conventional silicon film crystallization, 
methods wherein an island-shaped crystalline film is made 
to serve as a nucleus and solid phase epitaxial growth is 
brought about with this as a seed crystal have been proposed 
(for example Japanese Laid-Open Patent Publication 
H1-214.110). However, with this kind of method, at tem 
peratures below 600° C. almost no crystal growth progress 
has occurred. Moving a silicon substance from an amor 
phous state into a crystalline state generally involves a 
process wherein, with the state of the substance having been 
made such that the molecule chains in the amorphous state 
are cut and these cut molecules do not combine again with 
other molecules, these molecules are introduced to mol 
ecules having some crystalline character and rebuilt into 
constituent parts of crystals. However, in this process a large 
amount of energy is required for cutting the first molecule 
chains and maintaining the state wherein these cut molecules 
do not combine with other molecules, and this has been a 
barrier in the crystallization reaction. To provide this energy, 
several minutes at a temperature of about 1000°C. or several 
tens of hours at a temperature of about 600° C. are necessary, 
and because the time required varies exponentially in rela 
tion to the temperature (=energy), at temperatures below 
600° C., for example 550° C., it has been almost impossible 
to observe any crystallization reaction progress at all. The 
idea of conventional solid phase epitaxial crystallization did 
not provide an answer to this problem. 
The present inventors thought of reducing the barrier 

energy of the above process by means of the action of some 
kind of catalyst, completely separately from the conven 
tional solid phase crystallization idea. The inventors noted 
that nickel, iron, cobalt, platinum and palladium readily 
combine with silicon and for example in the case of nickel 
silicides (chemical formula NiSi, 0.4sXs2.5) are formed 
and that the lattice constants of nickel silicides are close to 
those of silicon crystals. Accordingly, by simulating the 
energies, etc., of the ternary system crystalline silicon 
nickel silicide-amorphous silicon, it was found that amor 
phous silicon readily reacts at an interface with nickel 
silicide and that the following reaction (1) occurs: 

Amorphous Silicon (silicon A)+Nickel Silicide (silicon 
B)-Nickel Silicide (silicon A)+Crystalline Silicon (silicon 
B) 

(A and B indicate the locations of the silicon) 
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The potential barrier of this reaction is satisfactorily low, 
and the temperature of the reaction is also low. 

This reaction formula shows that nickel reconstructs 
amorphous silicon into crystalline silicon as it advances. In 
practice it was found that the reaction was started at under 
580° C. and observed even at 450° C. Typically, it was 
shown that crystallization is possible at temperatures 20 to 
150° C. lower than the normal crystallization temperature of 
amorphous silicon. Naturally, the higher the temperature the 
more quickly the reaction proceeds. 

In the present invention, islands, stripes, lines, or dots of 
nickel, iron, cobalt, platinum or palladium, silicide, acetate, 
or nitrate of nickel, iron, cobalt, platinum or palladium, film, 
particles, or clusters containing at least one of nickel, iron, 
cobalt, platinum, and palladium can be used as starting 
materials. As the above-described reaction progresses, 
nickel, iron, cobalt, platinum or palladium expands around 
the starting material, thus enlarging the region of crystalline 
silicon. Oxides are not desired materials containing nickel, 
iron, cobalt, platinum or palladium because oxides are stable 
compounds and because they cannot initiate the reaction 
described above. 

In this way, the crystalline silicon expanding from a 
certain location is different from the conventional solid 
phase epitaxy but has crystallinity of high continuity. The 
structure approximates a single crystal structure. This is 
advantageous to utilize semiconductor devices such as TFTs. 
Where a material containing nickel, iron, cobalt, platinum or 
palladium is dispersed uniformly over a substrate, innumer 
able starting points of crystallization exist. Therefore, it has 
been difficult to derive a good film of high crystallinity. 
The lower the concentration of hydrogen in the amor 

phous silicon film which serves as the departure material in 
this crystallization, the better were the results (the crystal 
lization speeds) that could be obtained. However, because 
hydrogen is expelled as crystallization progresses, there was 
not such a clear correlation between the hydrogen concen 
tration in the silicon film obtained and the hydrogen con 
centration of the amorphous silicon film that was the depar 
ture material. The hydrogen concentration in crystalline 
silicon obtained according to this invention was typically 
from 1x10' atoms.cm to 5 atomic %. Furthermore, in 
order to obtain good crystallinity the concentrations of 
carbon, nitrogen and oxygen in the amorphous silicon film 
should be as low as possible, and preferably should be below 
1x10' cm. Accordingly, this point should be taken into 
consideration in selecting the material containing nickel, 
iron, cobalt, platinum or palladium to be used in practicing 
this invention. 
A feature of this invention is that crystal growth 

progresses circularly. This is because the nickel of the 
reaction described above advances isotropically, and this is 
different than conventional crystallization wherein growth 
occurs linearly along the crystal lattice surfaces. 

In particular, by setting the material containing nickel, 
iron, cobalt, platinum or palladium selectively, it is possible 
to control the direction of the crystal growth. Because, 
unlike crystalline silicon produced by conventional solid 
phase epitaxial growth, crystalline silicon obtained using 
this kind of technique has a structure in which the continuity 
of the crystallinity over long distances is good and which is 
close to being monocrystalline, it is well suited to use in 
semiconductor devices such as TFTs. 

In the present invention, nickel, iron, cobalt, platinum or 
palladium is used. These materials are not desirable for 
silicon which is used as a semiconductor material. If such a 
material is contained excessively in the silicon film, it is 
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4 
necessary to remove the material. With respect to nickel, 
when a growing crystal of nickel silicide arrives its final 
points, i.e., the crystallization has been completed, as a result 
of the above-described reaction, the nickel silicide is easily 
dissolved in hydrofluoric acid or hydrochloric acid. The 
nickel contained in the substrate can be reduced by treating 
the nickel with these acids. 

In the case where a catalytic element such as nickel, iron, 
cobalt, platinum and palladium is diffused almost uniformly 
throughout the silicon film by the annealing for crystalliza 
tion, a process wherein the nickel is removed is necessary. 
To perform this nickel removal, it has been found that 
annealing at 400 to 650° C. in an atmosphere containing 
chlorine atoms in the form of chlorine or a chloride is 
effective. An annealing time of 0.1 to 6 hours was suitable. 
The longer the annealing time was the lower the concentra 
tion of nickel in the silicon film became, but the annealing 
time may be decided according to the balance between the 
manufacturing cost and the characteristics required of the 
product. Examples of the chloride include hydrogen chlo 
ride, various kinds of methane chloride (CHCl, CHCl2, 
CHCl), various kinds of ethane chloride (CHCl, CHCl2, 
CHCl, CHCl, C.HCl), and various kinds of ethylene 
chloride (CHCl, CHCl2, CHCl). Especially, the mate 
rial which can be used most easily is trichloroethylene 
(C.HCl). We have discovered by SIMS that preferred 
concentration of nickel, iron, cobalt, platinum or palladium 
in the silicon film (e.g. a silicon film used for a semicon 
ductor device such as a TFT) according to the present 
invention is 1x10 cm to 1 atomic %, more preferably 
1x10' to 1x10' cm. At less concentrations, the crystal 
lization does not progress sufficiently. At higher concentra 
tions, the characteristics and the reliability deteriorate. 

Filmlike bodies containing nickel, iron, cobalt, platinum 
or palladium can be formed using various physical and 
chemical methods. For example methods requiring vacuum 
apparatus, such as vacuum vapor deposition, sputtering and 
CVD, and atmospheric pressure methods, such as spin 
coating and dipping, etc., (coating methods), doctor blade 
methods, screen printing and spray thermal decomposition. 

Spin coating and dipping in particular, while not neces 
sitating grand equipment, are techniques which offer excel 
lent film thickness uniformity and with which fine concen 
tration adjustment is possible. As solutions for use in these 
techniques, acetates and nitrates of nickel, iron, cobalt 
platinum and palladium, or various types of carboxylic acid 
chloride or other organic acid chlorides dissolved or dis 
persed in water or some type of alcohol (low level or high 
level), or petroleum (saturated hydrocarbon or unsaturated 
hydrocarbon), etc, can be used. 

However, there was concern that in this case oxygen and 
carbon contained in those salts might diffuse into the silicon 
film and cause its semiconductor characteristics to deterio 
rate. But, through research pursued using thermal balancing 
and differential thermal analysis it has been confirmed that 
suitable materials break down attemperatures below 450° C. 
to oxides or simple substances and thereafter there is almost 
no diffusion into the silicon film. In particular, when sub 
stances which are of lower order like acetates and nitrates 
were heated in a reducing atmosphere such as a nitrogen 
atmosphere they broke down at below 400° C. and became 
the simple metal. Similarly, it was observed that when they 
were heated in an oxygen atmosphere, first oxides were 
formed and then at higher temperatures oxygen broke away 
and left behind the simple metal. 
A crystalline silicon film is fabricated according to the 

invention, and this film is used in a semiconductor device 
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such as a TFT. As can be seen from the description made 
above, a large grain boundary exists at the ends of a growing 
crystal where the front ends of the growing material starting 
from plural points meet. Also, the concentration of nickel, 
iron, cobalt, platinum, or palladium is high. For these 
reasons, it is not desired to form a semiconductor device. 
Particularly, a channel of a TFT should not be provided in a 
region having such a large grain boundary. 
The region from which the crystallization starts, that is, 

the region in which the substance containing nickel, iron, 
cobalt, platinum or palladium is provided has a large con 
centration of nickel, iron, cobalt, platinum or palladium. For 
this reason, attention should be paid to the formation of the 
semiconductor device. Further, such a region is readily 
etched by a solution containing a hydrofluoric acid group as 
compared with a silicon film which does not contain nickel, 
iron, cobalt, platinum or palladium. For this reason, such a 
region becomes a cause of formation of a defective contact. 
Accordingly, where a semiconductor device is fabricated by 
making use of the present invention, the pattern of a coating 
containing nickel, iron, cobalt, platinum, or palladium form 
ing a starting point for crystallization and a pattern of the 
semiconductor device must be optimized. 

In addition, the present invention provides a process 
which is characterized in that it comprises: forming, on an 
amorphous silicon film or on a film which has such a 
disordered crystalline state that it can be regarded as being 
amorphous (for example, a state which comprises crystalline 
portions and amorphous portions in a mixed state), a film, 
particles or clusters containing at least one of nickel, iron, 
cobalt, platinum or palladium (which are referred to here 
inafter as catalytic materials); allowing the catalytic material 
to react with amorphous silicon at first, and removing the 
catalytic material which remained un-reacted; and annealing 
the resulting structure at a temperature lower than the 
normal crystallization temperature of a amorphous silicon 
by, preferably, 20 to 150° C., or at a temperature not higher 
than the glass transition temperature of the glass material 
conventionally used as a substrate, e.g., at 580 C. or lower. 
Even after the nickel, iron, cobalt, platinum or palladium 

atoms are removed from crystalline silicon, crystallization 
can be initiated by using as nuclei the remaining crystalline 
silicon which was formed by the reaction (1). As mentioned 
in the foregoing, the silicon crystals thus formed by the 
reaction has excellent crystallinity. Thus, it has been found 
that the crystallization of amorphous silicon can be accel 
erated by using these crystals as the nuclei. It has been 
shown that, typically, the crystallization can be effected at a 
temperature lower than the normal crystallization of amor 
phous silicon by 20° to 150° C. Furthermore, the time 
necessary for the crystal growth is found to be shortened. As 
a matter of course, the crystallization proceeds more rapidly 
with increasing the temperature. A similar reaction, though 
less actively to the case using nickel, is found to occur in the 
case using iron, cobalt, platinum or palladium. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1 (A) to 1(D) show schematically drawn step 
sequential cross section structures obtained in a process 
according to an embodiment of the present invention 
(Example 1); 

FIGS. 2(A) to 2(E) show schematically drawn step 
sequential cross section structures obtained in another pro 
cess according to another embodiment of the present inven 
tion (Example 2); 
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6 
FIG.3 shows the result of Raman scattering spectroscopy 

of a crystalline silicon film obtained in Example 1; 
FIG. 4 shows the X-ray diffraction pattern of a crystalline 

silicon film obtained in an Example; 
FIG. 5 shows the crystallization rate of silicon (Example 

2); 
FIGS. 8(A) to 8(E) show schematically drawn step 

sequential cross section structures obtained in a process for 
fabricating a semiconductor according to a yet another 
embodiment of the present invention (Example 3); 

FIGS. 7(A) to 7(C) show a step of introducing a catalyst 
element using a solution (Example 4); 

FIGS. 8(A) to 8(C) are top views of TFTs illustrating 
crystallization steps for manufacturing the TFTs according 
to the invention and their arrangement; 

FIGS. 9(A-1), 9(A-2), 9(B), 9(C), and 9(D) are cross 
sectional views of TFTs illustrating steps for selectively 
crystallizing a film according to the invention; 

FIGS. 10(A) to 10(C) are cross-sectional views of TFTs 
illustrating steps of Example 5 of the invention; 

FIGS. 11(A) to 11(C) are cross-sectional views of other 
TFTs illustrating steps of Example 5 of the invention; 

FIGS. 12(A) to 12(C) are cross-sectional views of TFTs 
illustrating steps of Example 6 of the invention; 

FIGS. 13(A) to 13(C) are cross-sectional views of TFTs 
illustrating steps of Example 7 of the invention; 

FIGS. 14(A) to 14(D) are cross-sectional views of TFTs 
illustrating steps of Example 8 of the invention; 

FIGS. 15(A) to 15(D) are cross-sectional views of TFTs 
illustrating steps of Example 9 of the invention; 

FIG. 16 is a graph showing the concentration of nickel in 
a crystalline silicon film in Example 9 of the invention; 

FIGS. 17(A) to 17(C) are cross-sectional views of a 
substrate undergoing a manufacturing process according to 
Example 10 of the invention; 

FIGS. 18(A) and 18(B) are cross-sectional views of a 
substrate undergoing a manufacturing process according to 
Example 11 of the invention; 

FIGS. 190A) to 190E) are cross-sectional views of a 
substrate undergoing a manufacturing process according to 
Example 12 of the invention; 

FIGS. 200A) to 200E) are cross-sectional views of a 
substrate undergoing a manufacturing process according to 
Example 13 of the invention; 

FIGS. 21(A) to 21(D) are cross-sectional views of a 
substrate undergoing a manufacturing process according to 
Example 14 of the invention; 

FIGS. 22(A) to 22(D) are cross-sectional views of a 
Substrate undergoing a manufacturing process according to 
Example 15 of the invention; 

FIGS. 23(A) to 23(C) are cross-sectional views of a 
substrate undergoing a manufacturing process according to 
Example 16 of the invention; 

FIGS. 24(A) to 24(C) are cross-sectional views of a 
substrate undergoing a manufacturing process according to 
Example 17 of the invention; 

FIG. 25 is a graph illustrating the nickel concentration in 
a crystalline silicon film; and 

FIGS. 26(A) to 26(F) are cross-sectional views of a 
substrate undergoing a manufacturing process according to 
Example 18 of the invention. 
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DETAILED DESCRIPTION OF THE 
INVENTION 

The present invention is illustrated in greater detail refer 
ring to non-limiting examples below. It should be under 
stood, however, that the present invention is not to be 
construed as being limited thereto. 

EXAMPLE 1. 

Referring to FIG. 1, a process for fabricating a crystalline 
silicon film by forming a nickel film on a Corning #7059 
substrate, and crystallizing an amorphous silicon film using 
this nickel film is described below. By using plasma CVD, 
a 2,000 A thick silicon oxide film 12 as a base film was 
deposited on the substrate 11, and further thereon an amor 
phous silicon film 13 at a thickness of from 500 to 3,000 A, 
for example, at a thickness of 1,500 A. After removing 
hydrogen from the film by keeping the film at a temperature 
of 430°C. for a duration of from 0.1 to 2 hours, for example, 
0.5 hour, a nickel film 14 was deposited thereon by sput 
tering at a thickness of from 100 to 1,000 A, for example, 
500 A. A favorable nickel film can be obtained by heating 
the substrate in the temperature range of from 100° to 500° 
C., preferably in the range of from 180° to 250° C., because 
a nickel film having an improved adhesion strength with 
respect to the silicon film formed as the base is obtained. A 
nickel silicide film can be used in the place of the nickel film. 
The resulting structure was then heated in the temperature 

range of from 450° to 580° C. for a duration of from 1 to 10 
minutes to allow the nickel film 14 to react with the 
amorphous silicon film 13, thereby obtaining a thin crystal 
line silicon film 15. The thickness of the crystalline silicon 
film depends on the temperature and duration of the reaction, 
and a film about 300 in thickness can be obtained by a 
reaction performed at 550° C. for a duration of 10 minutes. 
The resulting structure is shown in FIG. 1(B). 
The nickel film and the nickel silicide film thus obtained 

from the nickel film through the reaction were subjected to 
etching using hydrochloric acid in a concentration of from 5 
to 30%. No influence was found on crystalline silicon which 
has been formed by the reaction between amorphous silicon 
and nickel (silicide) by this treatment. Thus was obtained a 
structure shown in FIG. 1(C). 
The resulting structure was annealed under a nitrogen 

atmosphere in an annealing furnace whose temperature was 
kept in a range of from 450° to 580° C., for example, 550° 
C., for a duration of 8 hours. A crystalline silicon film 16 was 
thus obtained in this step by crystallizing the amorphous 
silicon film. The Raman scattering spectrogram and the 
X-ray diffractogram of the resulting crystalline silicon film 
are each shown in FIG. 3 and FIG. 4. In FIG. 3, the curve 
indicated by C-Si corresponds to the Raman spectrum of a 
standard sample, i.e., single crystal silicon. The curves 
indicated by (a) and (b) each represent the Raman spectra for 
a silicon film obtained by the process according to the 
present invention, and a film obtained by annealing a con 
ventional amorphous silicon by the conditions described 
above. It can be seen clearly from the results that the process 
according to the present invention provides a favorable 
silicon crystal. 

EXAMPLE 2. 

Referring to FIG. 2, a process for fabricating a crystalline 
silicon film is described below. A 2,000 A thicksilicon oxide 
film 22 as a base film was deposited on a Corning #7059 
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8 
glass substrate 21, and an amorphous silicon film 23 was 
deposited further thereon at a thickness of from 500 to 3,000 
A, for example, at a thickness of 500 A and 1,500 A. After 
removing hydrogen from the film by keeping the film at a 
temperature of 430° C. for a duration of from 0.1 to 2 hours, 
for example, 0.5 hour, a nickel film was deposited thereon by 
sputtering at a thickness of from 100 to 1,000 A, for 
example, 500 A. A nickel silicide film can be used in the 
place of the nickel film. The nickel film thus obtained was 
etched to form patterns 24a, 24b, and 24c as shown in FIG. 
2(A). 

Then, the structure was heated in the temperature range of 
from 450 to 580 C. for a duration of from 1 to 10 minutes 
to allow the nickel films 24a to 24c to undergo reaction with 
the amorphous film 23 to form thin crystalline silicon 
regions 25a, 25b, and 25c as shown in FIG. 2(B). 
The nickel film and the nickel silicide film thus obtained 

from the nickel film through the reaction were subjected to 
etching using hydrochloric acid in a concentration of from 5 
to 30%. No influence was found on crystalline silicon 
regions 25a to 25c which have been formed by the reaction 
between amorphous silicon and nickel (silicide) by this 
treatment. Thus was obtained a structure shown in FIG. 
2(C). 
The resulting structure was annealed under a nitrogen 

atmosphere in an annealing furnace whose temperature was 
kept in a range of from 450° to 580° C., for example, 550° 
C., for a duration of 4 hours. FIG. 2(D) provides an 
intermediate state during the annealing process, in which the 
crystallization is observed to proceed from the previously 
formed crystalline silicon regions 25a to 25b, in such a 
manner that the crystalline silicon regions 26a, 26b, and 26c 
are observed to extend into the amorphous region 23. 
A crystalline silicon film 27 was finally obtained by 

crystallizing the entire amorphous silicon film. In contrast to 
the case of Example 1 in which the crystal growth proceeds 
perpendicularly from the surface to the substrate side, the 
crystal in the present example grows transversely from the 
patterned nickel. For instance, the crystal structure of the 
crystalline silicon regions 26a to 26c as shown in FIG. 2(D) 
is similar to that of a single crystal silicon. Accordingly, the 
structure can be suitably applied to semiconductor devices 
such as TFTs because the formation of a potential barrier in 
these crystalline silicon regions along the transverse direc 
tion is relatively rare. However, at portions in which the 
crystalline silicon regions 26a and 26b collide with each 
other, for example, crystals are greatly damaged and are thus 
not suitable for the application. 

FIG. 5 shows the relation between the crystallization rate 
and the temperature of crystallization. It has been found that 
the crystallization proceeds faster with increasing thickness 
of the silicon film. 

EXAMPLE 3 

The present example relates to a process for fabricating a 
silicon film having an improved crystallinity by irradiating 
a laser beam to the silicon film after once crystallizing it by 
heating. Furthermore, the present example provides a pro 
cess for fabricating a TFT using the thus crystallized silicon 
film. 

FIG. 6 shows the cross section view of the step-sequential 
structures obtained in the present process. Referring to FIG. 
6, a 2,000 A thick silicon oxide film 602 as a base film was 
deposited on a Corning #7059 glass substrate 601, and an 
intrinsic (I type) amorphous silicon film was deposited 
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further thereon at a thickness of from 100 to 1,500 A, for 
example, at a thickness of 800 A in this case. A nickel film, 
i.e., a catalytic material for accelerating the crystallization of 
the amorphous silicon, was deposited selectively thereon by 
a process similar to that described in Example 2 (refer to 
FIG. 2(A)). The resulting structure was then heated in the 
temperature range of from 450° to 580° C. for a duration of 
from 1 to 10 minutes to allow the nickel film to react with 
the amorphous silicon film, thereby obtaining a thin crys 
talline silicon film. The resulting structure is shown in FIG. 
2(B). 
The nickel film and the nickel silicide film structure 

obtained from the nickel film through the reaction were 
subjected to etching using hydrochloric acid in a concen 
tration of from 5 to 30%. No influence by this treatment was 
found on crystalline silicon which has been formed by the 
reaction between amorphous silicon and nickel (silicide). 
Thus was obtained a structure shown in FIG. 2(C). 
A further annealing at 550° C. for 12 hours under a 

nitrogen atmosphere at atmospheric pressure provides a 
crystalline silicon film 603 covering the entire surface of the 
Structure. 

Then, a Krf excimer laser was operated to irradiate a laser 
beam at a wavelength of 248 nm and at a pulse width of 20 
insec to the surface of the resulting crystalline silicon film to 
further accelerate the crystallization thereof. The laser beam 
was irradiated at an output energy density of from 200 to 400 
mJ/cm, for instance 250 m.J/cm, for 2 shots During the 
laser beam irradiation, the substrate was maintained at a 
temperature of 300° C. by heating to fully enhance the effect 
of laser beam irradiation. In general, the substrate is pref 
erably heated in the temperature range of from 200 to 450 
C. The present step is illustrated in FIG. 6(A). 

Usable laser light other than that of the Krf excimer laser 
above include those emitted from a XeC excimer laser 
operating at a wavelength of 308 nm and an ArF excimer 
laser operating at a wavelength of 193 mm. Otherwise, an 
intense light may be irradiated in the place of a laser light. 
In particular, the application of RTA (rapid thermal anneal 
ing) which comprises irradiating an infrared light is effective 
because it can selectively heat the silicon film in a short 
period of time. 

Thus, a silicon film having a favorable crystallinity can be 
obtained by employing any of the aforementioned methods. 
The crystallized silicon film 603 obtained as a result of 
thermal annealing was found to change into a silicon film 
having a further improved crystallinity. Furthermore, obser 
vation by transmission electron microscope revealed that 
relatively large grains of oriented crystallites constitute the 
laser-irradiated film. 

The silicon film thus obtained upon the completion of 
crystallization was patterned into squares 10 to 1,000 um in 
edge length to obtain island-like silicon film 603' as the 
active layer of the TFT, as shown in FIG. 8(B). 
A silicon oxide film 804 which functions as a gate 

insulator film was formed. Here, the silicon film was 
exposed to an oxidizing atmosphere in the temperature range 
of from 500 to 750° C., preferably in the temperature range 
of from 550° to 650 C., to form a silicon oxide film 604 
which functions as a gate insulator film on the surface of the 
silicon region. In this heat treatment step, the oxidation 
reaction can be more enhanced by incorporating water 
vapor, nitrous oxide, and the like into the atmosphere. As a 
matter of course, the silicon oxide film can be formed by 
using any of the known means for vapor phase crystal 
growth, such as plasma CVD and sputtering. This step is 
illustrated in FIG. 6(C). 
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10 
Subsequently, a polycrystalline silicon film containing 

from 0.01 to 0.2% of phosphorus was deposited by reduced 
pressure CVD to a thickness of from 3,000 to 8,000 A, 
specifically 6,000 A. A gate contact 605 was formed there 
after by patterning the silicon film. Furthermore, an impurity 
(phosphorus in the present Example), to render the active 
layer regions (source/drain which constitute the channel) 
N-conductive, was added by ion doping (plasma doping) in 
a self-aligned manner using the silicon film above as a mask. 
In the present Example, the ion doping was performed using 
phosphine (PH) as the doping gas to introduce phosphorus 
at a dose of 1x10' to 8x10 cm specifically for example, 
5x10 cm, and at an accelerated voltage of 60 to 90 kV. 
Thus were obtained N-type conductive impurity regions 606 
and 607 for the source/drain regions. 

Laser was then irradiated for annealing. Though a KrF 
excimer laser operated at a wavelength of 248 nm and a 
pulse width of 20 nsec was used in the present. Example, 
other lasers can be used as well. The laser light was 
irradiated at an energy density of 200 to 400 m.J/cm, for 
example 250 m.J/cm and from 2 to 10 shots, for example 2 
shots, per site. The effect of laser annealing can be further 
enhanced by heating the substrate in the temperature range 
of from 200 to 450° C. during the irradiation of laser light. 
This is illustrated in FIG. 6(D). 

Otherwise, this step can be carried out by a so-called RTA 
(rapid thermal annealing) process, i.e., lamp annealing using 
near infrared light. Since near infrared light can be more 
readily absorbed by a crystallized silicon than by amorphous 
silicon, an effective annealing well comparable to thermal 
annealing at temperatures not lower than 1,000 C. can be 
effected. More advantageously, near infrared light is less 
absorbed by glass substrates. The fact is that a far infrared 
light is readily absorbed, but a light in the visible to near 
infrared region, i.e., a light in the wavelength region of 0.5 
to 4 pum, is hardly absorbed by a glass substrate. Accord 
ingly, the annealing can be completed within a shorter period 
of time, and yet, without heating the substrate to a high 
temperature. It can be seen that this method is most suitable 
for a step in which the shrinking of the glass substrate is 
unfavorable. 

A 6,000 A thick silicon oxide film 608 was deposited as 
an interlayer insulator by plasma CVD. A polyimide film can 
be used in the place of silicon oxide. Contact holes were 
perforated to form contacts with connection 609 and 610 
using a metallic material, for example, a multilayered film of 
titanium nitride and aluminum. Finally, annealing was per 
formed at 350° C. for a duration of 30 minutes under a 
pressure of 1 atmosphere to obtain a complete TFT structure 
as shown in FIG. 6(E). 
As described in the present Example, an amorphous 

silicon film can be more favorably crystallized than in the 
case of simply heating by introducing nickel as a catalytic 
element for the crystallization, and yet, the crystallinity of 
the thus crystallized silicon film can be further ameliorated 
by irradiating a laser light. In this manner, a crystalline 
silicon having particularly high crystallinity can be obtained. 
The use of the resulting crystalline silicon film of good 
crystallinity provides a high performance TFT. 
More specifically, an N-channel TFT obtained through the 

same process steps as in the process of the present Example 
except for not employing the crystallization step described 
in Example 2 yields a field-effect mobility of from 50 to 90 
cm?/Vs, and a threshold voltage of from 3 to 8 V. These 
values are in clear contrast to a mobility of from 150 to 200 
cm/Vs and a threshold voltage of from 0.5 to 1.5 V obtained 
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for the N-channel TFT fabricated in accordance with the 
present Example. The mobility is considerably increased, 
and the fluctuation in the threshold voltage is greatly 
reduced. 

Previously, the aforementioned TFT characteristics of 5 
such a high level were obtained from amorphous silicon film 
only by laser crystallization. However, the silicon films 
obtained by a prior art laser crystallization yielded fluctua 
tion in the characteristics. Furthermore, the crystallization 
process required an irradiation of a laser light at an energy 10 
density of 350 m.J/cm' or higher at a temperature of 400° C. 
or higher, and it was therefore not applicable to mass 
production. In contrast to the conventional processes, the 
process for fabricating a TFT according to the present 
Example can be performed at a lower substrate temperature 15 
and at a lower energy density than the values for the 
conventional processes. Accordingly, the process according 
to the present invention is suitable for mass production. 
Furthermore, the quality of the devices obtained by the 
present process is as uniform as the one for the devices 20 
obtained by a conventional solid phase growth crystalliza 
tion using thermal annealing. Accordingly, TFTs of uniform 
quality can be obtained stably. 

In the foregoing Examples 1 and 2, the crystallization was 
found to occur insufficiently when the nickel concentration 
was low. However, the process according to the present 
Example employs laser irradiation to compensate for an 
insufficient crystallization. Accordingly, TFTs with satisfac 
torily high quality can be obtained even when the nickel 
concentration is low. This signifies that devices containing 
nickel at a still lower concentration can be implemented, and 
that devices having excellent electric stability and reliability 
can be obtained. 
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EXAMPLE 4 35 

The present example relates to a process for introducing 
a catalytic element into the amorphous film by coating the 
upper surface of the amorphous silicon film with a solution 
containing a catalytic element which accelerates the crys- 40 
tallization of the amorphous silicon film. 
The present invention also provides a process for fabri 

cating a crystalline silicon film containing a catalytic ele 
ment at a low concentration by selectively introducing a 
catalytic element into an amorphous silicon film, and then 
allowing crystal growth to proceed therefrom to the portions 
into which catalytic elements were not introduced. 

FIG. 7 shows schematically the step-sequential fabrica 
tion process according to the present invention. A 1,000 A 
thickamorphous silicon film 705 was deposited on a 10x10 
cm square Corning #7059 glass substrate 701 by plasma 
CVD, and a silicon oxide film 704 was deposited further 
thereon to a thickness of 1,200 A as a mask. A silicon oxide 
film 704 as thin as 500 A in thickness can be used without 
any problem, and the film can be made even thinner by using 
a denser film. 

The resulting silicon oxide film 704 was patterned as 
desired by an ordinary photolithographic patterning. Then, a 
thin silicon oxide film 703 was deposited in an oxygen 60 
atmosphere by irradiating ultraviolet (UV) light. More spe 
cifically, the silicon oxide film 703 was fabricated by irra 
diating the UV light for 5 minutes. The silicon oxide film 
703 is believed to have a thickness of from 20 to 50 A. Thus 
was obtained a structure as shown in FIG. 7(A). 65 
The silicon oxide film above is formed for improving 

wettability of the pattern with the solution to be applied 
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hereinafter. A favorable wettability is sometimes assured by 
the hydrophilic nature of the silicon oxide mask, but this is 
a rare case because this happens only when the pattern size 
matches with the solution. Accordingly, it is safer to use a 
silicon oxide film 703 to assure good wettability. 
Then, a 5-ml portion of an acetate solution containing 100 

ppm by weight of nickel was dropped on the surface of a 
10x10-cm square substrate. A spinner 707 was operated for 
10 seconds at a rate of 50 rpm to form a uniform aqueous 
film on the entire surface of the substrate. The spinner 707 
was operated for an additional 60 seconds at a rate of 2,000 
rpm to effect spin drying after maintaining the substrate for 
5 minutes. The substrate may be subjected to rotation at a 
rate of from 0 to 150 rpm on a spinner. This step is illustrated 
in FIG. 7(B). 
The resulting structure was heated at a temperature range 

of from 450° to 580° C. for a duration of from 1 to 10 
minutes to form an extremely thin nickel silicide film on the 
surface of the amorphous silicon film 705. A crystalline 
silicon was found to form at the phase boundary between the 
amorphous silicon film 705 and the nickel silicide film, as 
well as in the vicinity 710 thereof in this step. The surface 
of the amorphous silicon film 705 was etched with 5% 
hydrochloric acid to remove the nickel silicide film. 

Subsequently, the resulting structure was subjected to heat 
treatment at 550° C. under a nitrogen atmosphere for a 
duration of 4 hours. In this manner, crystallization is allowed 
to occur from the region 709 into which nickel was intro 
duced to the region 710 into which nickel was not introduced 
along the transverse direction as indicated with an arrow 
708. As a matter of course, crystallization also occurs in the 
region 709 into which nickel was directly introduced. 

In FIG. 7(C), crystallization occurred in the region 709 
into which nickel was directly introduced, and it proceeded 
transversely over the region 711. 
The nickel concentration can be controlled by changing 

the nickel concentration of the solution to be applied. In the 
present invention, the nickel concentration in the solution 
was adjusted to 100 ppm. However, it is confirmed that 
crystallization also occurs even when the concentration is 
decreased to 10 ppm. Crystallization occurs in the same 
manner using a solution containing nickel at a concentration 
of 10 ppm. In this case, the nickel concentration in the region 
711 as shown in FIG. 7 can be further lowered by a digit. 
However, the use of a solution containing nickel at too low 
a concentration shortens the distance of crystal growth along 
the transverse direction indicated by the arrow 708, and is 
therefore not desired. 
The crystalline silicon film thus obtained can be used as 

it is in the active layer of a TFT. In particular, the use of a 
region 711 to form an active layer is useful because this 
region contains the catalytic element at a low concentration. 

It is also effective to further improve the crystallinity of 
the crystalline silicon film obtained above by irradiating a 
laser beam or an intense light equivalent thereto in the same 
manner as in the foregoing Example 3. 
An acetate solution was used in the present example as a 

solution containing the catalytic element. However, other 
usable solutions include an aqueous solution selected from 
a wide variety, and a solution containing an organic solvent. 
The catalytic element need not necessary be included as a 
compound, and it may be simply dispersed in the solution. 
The solvent for the catalytic element can be selected from 

the group consisting of polar solvents, i.e., water, alcohol, 
acids, and ammonia water. 
When nickel is used as the catalytic element, nickel is 

incorporated into a polar solvent in the form of a nickel 
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compound. The nickel compound is selected from, repre 
sentatively, the group consisting of nickel bromide, nickel 
acetate, nickel oxalate, nickel carbonate, nickel chloride, 
nickel iodide, nickel nitrate, nickel sulfate, nickel formate, 
nickel acetylacetonate, nickel 4-cyclohexylbutyrate, nickel 
oxide, and nickel hydroxide. 
The solvent may be selected from a non-polar solvent 

selected from the group consisting of benzene, toluene, 
xylene, carbon tetrachloride, chloroform, and ether. 

In this case, nickel is involved in the solution in the form 
of a nickel compound, which is selected from the group 
consisting of nickel acetylacetonate, and nickel 2-ethylhex 
anate. 

It is also effective to add a surfactant into the solution 
containing a catalytic element. A surfactant increases the 
adhesiveness of the solution to the surface of the silicon 
oxide film, and controls the adsorptivity. The surfactant may 
be applied previously to the surface to be coated. If elemen 
tal nickel is used as the catalytic element, it must be 
previously dissolved into an acid to obtain a solution thereof. 

Instead of using a solution containing nickel completely 
dissolved into the solution, an emulsion, i.e., a material 
comprising a dispersing medium uniformly dispersed 
therein a powder of metallic nickel or of a nickel compound, 
can be used. 

The same applies in other cases using a material other 
than nickel as the catalytic element. 
A solution containing a non-polar solvent, i.e., a toluene 

solution of nickel 2-ethylhexanate, can be directly applied to 
the surface of an amorphous silicon film. In this case, it is 
effective to use a material such as an adhesive generally 
employed in forming a resist. However, the use of the 
adhesive in an excess amount reversely interferes the trans 
fer of the catalytic element into amorphous silicon. 
The catalytic element is incorporated into the solution 

approximately in an amount as nickel of, though depending 
on the type of the solution, from 1 to 200 ppm by weight, and 
preferably, from 1 to 50 ppm by weight. This range of 
addition is determined by taking the nickel concentration of 
the crystallized film and the resistance against hydrofluoric 
acid into consideration. 

EXAMPLE 5 

In the present example, a nickel film is patterned into 
islands on a glass substrate made of Corning 7059. Using 
this film as a starting material, an amorphous silicon film is 
crystallized. Using the obtained crystalline silicon film, 
TFTs are fabricated. This process is described below. Two 
methods are available to pattern the nickel film into islands. 
In one method, the nickel film is formed under the amor 
phous silicon film, as shown in FIG.9(A-1). In the other, the 
nickel film is formed on the amorphous film, as shown in 
FIG. 9(A-2). In the latter method, after nickel is deposited 
over the whole surface of the amorphous silicon film, the 
nickel film is selectively etched. The nickel slightly reacts 
with the amorphous silicon, thus producing nickel silicide. If 
this silicide is left, a silicon film of high crystallinity what 
the present invention is intended to provide will not be 
obtained. Therefore, it is necessary to sufficiently remove the 
nickel silicide with hydrochloric acid or hydrofluoric acid. 
Consequently, the thickness of the amorphous silicon is 
reduced compared with the thickness obtained at the begin 
ning. 
The former method does not present such a problem. It is 

necessary, however, to etch away the nickel film completely 
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14 
except for the islands. To suppress the effects of the remain 
ing nickel, the substrate is treated with oxygen plasma, 
ozone, or the like to oxidize the nickel except for the islands. 

In either method, a 2000 A-thick silicon oxide film 101B 
forming a base layer was formed on a substrate 101A made 
of Corning 7059 by plasma CVD. The amorphous silicon 
film, indicated by numeral 101, had a thickness of 200 to 
3000 A, preferably 500 to 1500 A, and was fabricated by 
plasma CVD or low-pressure CVD. The amorphous silicon 
film was annealed at 350° to 450° C. for 0.1 to 2 hours to 
release hydrogen atoms. When the hydrogen concentration 
of the film was less than 5 atomic %, crystallization was 
easily conducted. 

In the method shown in FIG. 9(A-1), before formation of 
the amorphous silicon film 101, nickel was sputtered to a 
thickness of 50 to 1000 A, preferably 100 to 500 A. This 
nickel film was photolithographically patterned to form 
islands 102 of nickel. 

In the method shown in FIG. 9(A-2), after the formation 
of the amorphous silicon film 101, nickel was sputtered to a 
thickness of 50 to 1000 A, preferably 100 to 500 A. Then, 
this nickel layer was Photolithographically patterned to form 
islands 102 of nickel. FIG. 8(A) is a top view of these islands 
102. 

Each island of nickel is a square having sides of 2 um, and 
the spacing between the successive islands is 5 to 50 pum, 
e.g., 20 p.m. Similar advantages can be obtained by using 
nickel silicide instead of nickel. When the nickel film was 
formed, good results could be obtained by heating the 
substrate at 100° to 500° C., preferably 180° to 250° C., 
because the adhesion of the nickel film to the underlying 
silicon oxide film is improved, and because silicon oxide 
reacts with nickel, producing nickel silicide. Similar advan 
tages can be derived by using silicon nitride, silicon carbide, 
or silicon instead of silicon oxide. 

Then, the laminate was annealed at 450° to 650° C., e.g., 
550°C., for 8 hours in a nitrogen ambient. FIG.9(B) shows 
an intermediate state. In FIG. 9(A), islands of nickel film 
located at two ends grow as nickel silicide 103A toward the 
center. Those portions 103 through which the nickel has 
passed are made of crystalline silicon. Finally, as shown in 
FIG. 9(C), the two growing nickel crystal portions meet, 
leaving behind the nickel silicide 103A in the center. Thus, 
the crystallization process ends. 

FIG. 8(B) is a top view of the laminate under this 
condition. The nickel silicide 103A shown in FIG. 9(C) 
forms grain boundaries 104. If the anneal is continued, 
nickel atoms move along the grain boundaries 104 and are 
collected in a region 105 located among the islands of 
nickel. In this stage, the original shape of the islands is not 
retained. 
A crystalline silicon can be obtained by the steps 

described thus far. It is not desired that nickel atoms diffuse 
from the produced nickel silicide 103A into the semicon 
ductor film. Therefore, it is desired to etch the nickel film 
with hydrofluoric acid or hydrochloric acid. Neither hydrof 
luoric acid nor hydrochloric acid affects the silicon film. The 
laminate having the etched nickel film is shown in FIG. 
9(D). The grain boundaries form grooves 104A. It is not 
desired to form semiconductor regions, or active layers, of 
TFTs on opposite sides of each groove. An example of 
arrangement of the TFT is shown in FIG. 8(C), where 
semiconductor regions 108 are arranged so as not to inter 
sect the grain boundaries 104. On the other hand, gate 
interconnects 107 may intersect the grain boundaries 104. 

Examples of method of fabricating TFTs using the crys 
talline silicon obtained by the steps described thus far are 
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shown in FIGS. 10, (A)-(C), and 11, (A)-(C). In FIG. 10(A), 
a central portion X indicates a location where the groove 
104A existed. The semiconductor regions of the TFTs are 
arranged so as not to intersect this central portion X. More 
specifically, the crystalline silicon film 103 obtained by the 
steps of FIG. 9(A-1) to (D), was patterned to form island 
shaped semiconductor regions 111a and 111b. Then, a 
silicon oxide film 112 acting as a gate-insulating film was 
formed by RF plasma CVD, ECR plasma CVD, sputtering, 
or other method. 

Thereafter, a polysilicon film having a thickness of 3000 
to 6000 A and doped with phosphorus atoms at a concen 
tration of 1x10' to 5x10 cm was formed by LPCVD. 
This film was photolithographically patterned to form gate 
electrodes 113a and 113b (FIG. 10(A)). 

Then, an impurity was implanted by plasma doping. In the 
case of an N-type semiconductor, phosphine (PH) was used 
as a dopant gas. In the case of a P-type semiconductor, 
diborane (BH) was used as a dopant gas. In the illustrated 
example, N-type TFTs are shown. Phosphine ions were 
accelerated at 80 kV. Diborane ions were accelerated at 65 
kV. The laminate was annealed at 550° C. for 4 hours to 
activate the dopant, thus forming doped regions 114a to 
114d. For the activation, a method using optical energy such 
as laser annealing or fiash lamp annealing can be used (FIG. 
10(B)). 

Finally, silicon oxide was deposited to a thickness of 5000 
A to form an interlayer insulator 115 in the same way as in 
normal fabrication of TFTs. Contact holes were created in 
this insulator 115. Conductive interconnects and electrodes 
116a to 118d were formed (FIG. 10(C)). 
TFTs were fabricated by the steps described thus far. In 

the illustrated example, the TFTs were of the N-channel 
type. The field-effect mobility of the obtained TFTs was 40 
to 60 cm/VS for the N-channel type and 30 to 50 cm/Vs 
for the P-channel type. 

FIG. 11, (A)-(C), show fabrication of TFTs having alu 
minum gates. In FIG. 11(A), a central portion X indicates a 
location where the groove 104A (FIG. 9(D)) existed. The 
semiconductor regions of the TFTs do not intersect this 
central portion X. More specifically, the crystalline silicon 
film 103 obtained by the steps of FIG. 9, (A-1)–(D), was 
patterned to form island-shaped semiconductor regions 121a 
and 121b. Then, a silicon oxide film 122 acting as a 
gate-insulating film was formed by RF plasma CVD, ECR 
plasma CVD, sputtering, or other method. Where plasma 
CVD was employed, if TEOS (tetraethoxysilane) and oxy 
gen were used as raw material gases, good results were 
obtained. Aluminum containing 1% silicon was sputtered to 
form an aluminum film having a thickness of 5000 A. This 
aluminum film was photolithographically patterned to form 
gate interconnects and electrodes 123a and 123b. 

Then, the laminate was immersed in ethylene glycol 
Solution of 3% tartaric acid. An electrical current was passed 
between a cathode and an anode which consisted of plati 
num and the aluminum interconnects, respectively, to effect 
anodization. The current was increased at a rate of 2 V/min 
at first. When the current reached 220 V, the voltage was 
maintained constant. When the current decreased below 10 
Alm, the current was made to cease. As a result, anodic 

oxides 124a and 124b having a thickness of 2000 A were 
formed (FIG. 11(A)). 

Then, an impurity was implanted by plasma doping. In the 
case of an N-type semiconductor, phosphine (PH) was used 
as a dopant gas. In the case of a P-type semiconductor, 
diborane (BH) was used as a dopant gas. In the illustrated 
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example, N-type TFTs are shown. Phosphine ions were 
accelerated at 80 kV. Diborane ions were accelerated at 65 
kV. The impurity was activated by laser annealing to form 
doped regions 125a to 125d. For this purpose, a Krf laser 
emitting a wavelength of 248 nm was used. Five shots of 
laser beam of an energy density of 250 to 300 ml/cm were 
illuminated (FIG. 11(B)). 

Finally, silicon oxide was deposited to a thickness of 5000 
A to form an interlayer insulator 126 in the same way as in 
normal fabrication of TFTs. Contact holes were created in 
this insulator 126. Conductive interconnects and electrodes 
127a to 127d were formed in the source region and in the 
drain regions (FIG. 11(C)). 
The field-effect mobility of the obtained TFTs was 60 to 

120 cm/Vs for the N-channel type and 50 to 90 cm/Vs for 
the P-channel type. A shift register was built, using these 
TFTs. We have confirmed that this shift register operates at 
6 MHz with a drain voltage of 17 V and at 11 MHz with a 
drain voltage of 20 V. 

EXAMPLE 6 

FIG. 12, (A)-(C), show a case in which TFTs having 
aluminum gates were fabricated in the same manner as in the 
scheme illustrated in FIG. 11, (A)-(C). In this example, an 
active layer was fabricated from amorphous silicon. As 
shown in FIG. 12(A), silicon oxide was deposited as a base 
film 132 on a substrate 131. Amorphous silicon 133 having 
athickness of 2000 to 3000 A was deposited on the film 132. 
An appropriate amount of P- or N-type impurity may be 
added to the amorphous silicon film. Subsequently, islands 
134A and 134B of nickel or nickel silicide were created as 
described above. The laminate was annealed at 550° C. for 
four hours to crystallize the amorphous silicon film. 
The crystalline silicon film obtained in this way was 

photolithographically patterned as shown in FIG. 12(B). The 
silicon film is enriched with nickel in its central portion 
located between the islands 134A and 134B of the nickel or 
nickel silicide. Therefore, the patterning step was carried out 
to exclude this central portion. As a result, island-shaped 
silicon regions 135A and 135B were formed. A substantially 
intrinsic amorphous silicon film 136 was deposited on the 
island-shaped silicon regions 135A and 135B. 

Then, as shown in FIG. 12(C), a gate-insulating film 137 
was fabricated from silicon nitride, silicon oxide, or the like. 
Gate electrodes 138 ware fabricated from aluminum. In the 
same way as in the method illustrated in FIG. 11, (A)-(C), 
anodization was effected. Impurity atoms were diffused by 
ion implantation to form doped regions 139A and 139B. 
Then, an interlayer insulator 140 was deposited. Contact 
holes were created. Metal electrodes 141A and 141B were 
formed on the source and drain electrodes, thus completing 
TFTS. These TFTs are characterized in that the semiconduc 
tor regions of the source and drain electrodes are thick 
compared with the thickness of the active layer and that the 
resistivity is small. In consequence, the resistances of the 
Source and drain regions are small, and the characteristics of 
the TFTs are improved. Furthermore, it is easy to form 
COntactS. 

EXAMPLE 7 

FIG. 13, (A)-(C), show fabrication of CMOS TFTs. As 
shown in FIG. 13(A), silicon oxide was deposited as a base 
film 152 on a substrate 151. An amorphous silicon film 153 
having a thickness of 1000 to 1500A was deposited. Islands 
154 of nickel or nickel silicide were formed as described 
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above. The laminate was annealed at 550° C. During this 
step, a nickel silicide region 155 was grown, and the 
crystallization progressed. The anneal was conducted for 4 
hours. As shown in FIG. 13(B), the amorphous silicon film 
changed into crystalline silicon. As the crystallization pro 
gressed, nickel silicide regions 159A and 159B were urged 
toward the opposite ends. 
The crystalline silicon film obtained in this way was 

patterned photolithographically as shown in FIG. 13(B) to 
form an island silicon region 156. It is to be noted that the 
island region is enriched with nickel at both ends. After the 
formation of the island silicon region, a gate-insulating film 
157, and gate electrodes 158A, 158B were formed. 
Then, as shown in FIG. 12(C), impurity ions were dif 

fused by ion implantation to form an N-type doped region 
160A and a P-type doped region 160B. For example, phos 
phorus was used as the N-type impurity. Phosphine (PH) 
was used as a dopant gas. Impurity ions were implanted into 
the whole surface at an accelerating voltage of 60 to 110 kV. 
Then, the N-channel TFTs were coated with a photoresist. 
P-type impurity such as boron was implanted at an accel 
erating voltage of 40 to 80 kV. Diborane (BH) was used as 
a dopant gas. 

After the ion implantation, laser light was illuminated in 
the same way as in the steps illustrated in FIG. 11, (A)–(C), 
to activate the source and drain electrodes. Subsequently, an 
interlayer insulator 161 was deposited. Contact holes were 
created. Metal electrodes 162A, 162B, and 162C were 
formed on the source and drain electrodes, thus completing 
TFTS. 

EXAMPLE 8 

The present example is similar to the steps of Example 7 
except that a laser illumination step was carried out to 
improve the crystallinity of the crystalline silicon film 
further after the crystallization step in which the laminate 
was heated at 550° C. for 4 hours. 

In the present example, CMOS TFTs were fabricated in 
the manner as shown in FIG. 14, (A)-(D). First, as shown in 
FIG. 14(A), silicon oxide was sputtered to a thickness of 
2000 A to form a base film 152 on a substrate 151. An 
amorphous silicon film 153 having a thickness of 1000 to 
1500A was formed by plasma CVD. Islands 154 of nickel 
or nickel silicide were then created. 
Thc laminate was annealed at 550 C. for four hours 

within a nitrogen ambient. During this step, the nickel 
silicide region 155 was grown, i.e., crystallization pro 
gressed. A crystalline silicon film obtained in this way was 
photolithographically patterned as shown in FIG. 14(B) to 
form island-shaped silicon regions 156. 
KrF excimer laser radiation 171 having a wavelength of 

248 nm and a pulse duration of 20 nsec was illuminated. 
Two shots of the laser radiation were illuminated. The 
energy of cach shot was 250 m.J/cm. The illumination 
energy may be set to 200 to 400 m.J/cm, taking account of 
various conditions such as the film thickness and the sub 
strate temperature. An XeCl laser emitting a wavelength of 
308 nm or an ArFlaser emitting a wavelength of 193 nm can 
bc used as the laser. 

Furthermore, other intense light source which can pro 
duce the same effects as laser illumination can also be used. 
Especially, rapid thermal annealing (RTA) techniques 
exploiting infrared irradiation permits silicon to selectively 
absorb infrared radiation. Hence, an anneal can be carried 
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out efficiently. The laser illumination may be effected prior 
to the patterning step. 

After the above mentioned thermal annealing, a crystal 
lized region was formed in the silicon film 153. However, a 
non-crystallized region may remain in the silicon film 153 
(not shown in the figures). 
The crystallinity of the crystallized region was further 

improved by the subsequent laser annealing or RTA. There 
fore, this region is suitable as an active region of thin film 
transistors. On the other hand, while the non-single crystal 
lized region was also convened into a polycrystalline struc 
ture, the result of Raman spectroscopy on this region 
revealed that the crystallinity is relatively poor as compared 
with the previously crystallized region. Also, innumerable 
crystallites were observed through transmission electron 
microscopy in the non-crystallized region after the laser 
annealing or RTA, while relatively large crystals uniformly 
oriented were observed in the previously crystallized region. 
This means that the non-crystallized region includes a 
number of grainboundaries even after the laser annealing or 
RTA and therefore, is not so suitable as an active region of 
thin film transistors. 

Therefore, it is preferable to remove the non-crystallized 
region so as to form silicon islands to become TFTs either 
before or after the laser annealing or RTA. 

Then, gate electrodes 158A and 158B consisting mainly 
of silicon were formed. As shown in FIG. 14(C), impurity 
atoms were diffused by ion implantation to form N-type 
doped regions and P-type doped regions 160A and 160B, 
respectively. For example, phosphorus was used as an 
N-type impurity. Phosphine (PH) was used as a dopant gas. 
The impurity ions were implanted into the whole surface at 
an accelerating voltage of 60 to 110 kV. Subsequently, a 
photoresist was coated on the N-channel TFT regions. 
P-type impurity ions such as boron ions were implanted at 
an accelerating voltage of 40 to 80 kV, using diborane 
(BH) as a dopant gas. 

After the ion implantation, the source and drain electrodes 
were activated by laser illumination. An interlayer insulator 
161 was deposited, and contact holes were created. Metal 
electrodes 182A, 162B, and 182C were formed on the 
source and drain electrodes, thus completing TFTs. 

In the present example, a catalytic element was introduced 
to promote crystallization. In this way, a low-temperature, 
short crystallization step was used together with an anneal 
ing step using laser illumination. The crystallization step 
was effected at 550° C. for about four hours. In this way, a 
silicon film of good crystallinity could be obtained. High 
performance TFTs could be derived, using such a crystalline 
silicon film. 
More specifically, the N-channel TFTs obtained in 

Example 5 had a field-effect mobility of 40 to 60cm/Vs for 
the silicon-gate type (FIG. 10, (A)-(C)) and a field-effect 
mobility of 60 to 120 cm/V is for the aluminum gate type 
(FIG. 11, (A)-(C)). The threshold voltage was 3 to 8V. The 
mobility of the N-channel TFTs obtained in the present 
example was 150 to 200 cm/Vs, and the threshold voltage 
was 0.5 to 1.5 V. It is to be noted that the mobility was 
improved greatly and that variations in threshold voltage 
decreased. 

These characteristics were heretofore attainable only with 
laser crystallization of an amorphous silicon film. In the 
prior art laser crystallization, the obtained silicon films 
differed widely in characteristics. Also, temperatures higher 
than 400° C. were needed for crystallization. Furthermore, 
illumination of a high laser energy exceeding 350 m.J/cm 
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was required. Hence, mass production has suffered from 
problems. In the present example, a lower substrate tem 
perature and a lower energy density suffice. In consequence, 
mass production can be carried out without difficulty. In 
addition, variations are comparable to variations occurring 
when a solid phase crystal growth method using conven 
tional thermal anneal is used. Hence, the obtained TFTs are 
uniform in characteristics. 

In the present invention, if the concentration of nickel is 
low, the silicon film is not crystallized sufficiently, and the 
characteristics of TFTs were not good. In the present 
example, however, even if the crystallinity of the silicon film 
is not sufficiently high, it can be compensated for by 
subsequent laser illumination. Therefore, if the concentra 
tion of nickel is low, the characteristics of the TFT are not 
deteriorated. Consequently, the concentration of nickel in 
the active layer regions of devices can be lowered further. 
This further enhances electrical stability and reliability of 
the devices. 

EXAMPLE 9 

In the present example, a catalytic element for promoting 
crystallization of amorphous silicon is added to a solution. 
This solution is applied to the amorphous silicon film. In this 
way, the catalytic element is introduced in the amorphous 
silicon film. 

Also, in the present example, the catalytic element is 
selectively introduced. A crystal is grown from the region in 
which the catalytic element has been introduced to the 
region in which the catalytic element has not been intro 
duced. In this way, a crystalline silicon film lightly doped 
with the catalytic element is obtained. 

FIG. 15, (A)-(D), schematically illustrate Steps for manu 
facturing the present example. It is to be noted that like 
components are indicated by like reference numerals in both 
FIGS. 9 and 15. 

First, silicon oxide was sputtered to a thickness of 2000 A 
to form a base film 101B on a glass substrate made of 
Corning 7059. The substrate was 10 cm square. Then, an 
amorphous silicon film 101 having a thickness of 1000 A 
was formed by plasma CVD. 

Thereafter, a silicon oxide film 180 having a thickness of 
2000 A was formed. Our experiment has demonstrated that 
if the thickness of the silicon oxide film 180 is set to 500 A, 
then no problems take place. We consider that if the film is 
dense, the film thickness can be reduced further. 
The silicon oxide film 180 was patterned into a desired 

pattern by normal photolithography techniques. Ultraviolet 
radiation was illuminated for 5 minutes in an oxygen ambi 
ent to form a thin silicon oxide film 182 on the exposed 
surface of the amorphous silicon film 101. We think that the 
thickness of the silicon oxide film 182 is approximately 20 
to 50 A (FIG. 15(A)). 

This silicon oxide film is intended to improve the wetta 
bility of the solution applied in a later step. Under this 
condition, 5 ml of acetate solution was dripped onto a 
substrate 10 cm square. The acetate solution was prepared 
by adding 100 ppm by weight of nickel to acetate solution. 
At this time, the laminate was spun at 50 rpm by a spinner 
84, and a uniform water film 183 was formed over the whole 
surface of the substrate. This condition was maintained for 
5 minutes. Then, the laminate was spun at 2000 rpm for 60 
seconds by the spinner 184 to dry the laminate. The water 
film may also be maintained on the spinner by rotating the 
laminate at 0 to 150 rpm (FIG. 15(A)). 
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Nickel was introduced in region 185 by the steps 

described above. The laminate was thermally treated at 300 
to 500° C. to form nickel silicide on the surfaces of the 
regions 185. Then, the silicon oxide film 180 acting as a 
mask was removed. The laminate was heated at 550° C. for 
four hours in a nitrogen ambient. In this way, the amorphous 
silicon film 180 was crystallized. At this time, the crystal 
was grown laterally, i.e., parallel to the substrate, from the 
regions 185 doped with nickel to regions in which nickel 
was not introduced. Of course, crystallization takes place in 
regions where nickel was directly introduced. 

Thermal processing was performed to form a silicon 
nickel film on the surfaces of the regions 185, followed by 
removal of the silicon oxide film 180. In a modified 
example, the laminate was heated at 550° C. for four hours 
without removing the silicon oxide film 180, and crystalli 
zation was induced. In this case, the step for creating the 
nickel silicide film was not required. The silicon oxide film 
180 may be removed after the crystallization step. 

FIG. 15(B) shows a state in which crystallization is in 
progress. In particular, nickel which was introduced in 
marginal portions goes as nickel silicide 103A toward the 
center. The portions 10S through which nickel has passed 
are crystalline silicon. If the crystallization proceeds further, 
the two portions starting from the portions 185 in which 
nickel was introduced meet, as shown in FIG. 15(C), leaving 
behind the nickel silicide 103A between them. Thus, the 
crystallization process ends. 
A crystalline silicon could be obtained by the steps 

described above. It is not desired that nickel diffuse from the 
resulting nickel silicide 103A into the semiconductor film. 
Accordingly, regions 103A were etched away with hydrof 
luoric acid or hydrochloric acid. This condition is shown in 
FIG. 15(D). The portions where grain boundaries existed 
formed grooves 104A. 

In FIG. 15(C), crystallization proceeded laterally from the 
regions 185 through regions 188. The concentration of 
nickel in the regions 186 are shown in FIG. 16, which 
indicates the distribution of nickel in the direction of thick 
ness of the regions 186 of the crystalline silicon film which 
has undergone the crystallization step. The distribution was 
measured by SIMS. It has been confirmed that the concen 
tration of nickel in the regions 185 in which nickel was 
directly introduced is higher than the concentrations whose 
distribution is shown in FIG. 16 by at least one order of 
magnitude. Using the crystalline silicon film obtained in this 
way, TFTs were fabricated by the same method as was used 
in Example 5. 
The crystalline silicon film derived in this way was 

illuminated with laser light or other equivalent intense light 
to improve the crystallinity further effectively in the same 
way as in Example 8. In Example 8, the concentration of 
nickel in the silicon film was relatively high and so laser 
illumination caused nickel to be deposited out of the silicon 
film. Particles of nickel having dimensions of the order of 
0.1 to 10 um were formed in the silicon film. As a result, the 
morphology of the film deteriorated. In the present example, 
however, the concentration of nickel can be made much 
lower than those obtained in Examples 5 and 6. Hence, 
nickel silicide was not deposited. Also, the film was not 
toughened by laser illumination. 
The nickel concentration shown in FIG. 16 can be con 

trolled by controlling the nickel concentration in the solu 
tion. In the present example, the nickel concentration in the 
solution was set to 100 ppm. We have confirmed that 
crystallization is possible if the concentration is set to 10 
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ppm. In this case, the nickel concentration (FIG. 16) in the 
regions 186 shown in FIG. 15, (A)-(D), can be reduced 
further by one order of magnitude. However, if the nickel 
concentration of the solution is reduced, the lateral crystal 
growth distance shortens. 
The silicon film which was crystallized as described thus 

far can be directly used as an active layer of each TFT. 
Especially, formation of the active layer of each TFT using 
regions 186 is quite useful in that the concentration of the 
catalytic element is low. 

In the present example, acetate solution is used as a 
solution containing a catalytic element. This solution can be 
selected from various water solutions and organic solvents 
and solutions. The form of the catalytic element is not 
limited to compounds. The catalytic element may be simply 
dispersed in a solution. 
Where nickel is used as a catalyst and contained in a polar 

solvent such as water, alcohol, acid, or ammonia, the nickel 
is introduced as a nickel compound. Typical examples of the 
nickel compound include nickel bromide, nickel acetate, 
nickel oxalate, nickel carbonate, nickel chloride, nickel 
iodide, nickel nitrate, nickel sulfate, nickel formate, nickel 
acetylacetonate, 4-cyclohexyl butyric nickel, nickel oxide, 
and nickel hydroxide. 
The solvent can be selected from non-polar solvents, i.e., 

benzene, toluene, xylene, carbon tetrachloride, chloroform, 
and ether. 

In this case, the nickel is introduced in the form of a nickel 
compound. Typical examples of the nickel compound are 
nickel acetylacetonate, and 2-ethylhexylic nickel. 

Also, it is advantageous to add a surfactant to the solution 
containing a catalytic element. This improves the adhesion 
to the applied surface and controls the adsorptivity. This 
surfactant may be previously applied to the surface. Where 
simple nickel is used as the catalytic element, it is necessary 
to dissolve it in an acid, thus producing a solution. 

In the example described above, a solution in which 
nickel, or a catalytic element, is fully dissolved is used. It is 
not always necessary that nickel be fully dissolved. In this 
case, a material such as emulsion may be used which 
comprises a medium in which powder of simple nickel or a 
nickel compound is uniformly dispersed. Also, a solution 
used for formation of an oxide film may be employed. OCD 
(Ohka diffusion source) produced by TOKYO OHKA 
KOGYO CO.,LTD. can be used as the solution. Where this 
OCD solution is used, it is applied to a surface to be coated, 
and then it is baked at about 200° C. In this way, a silicon 
oxidc film can be easily formed. Furthermore, any impurity 
can be utilized, because an impurity can be added at will. 

These principles apply where materials other than nickel 
are used as catalytic elements. Where a non-polar solvent 
such as toluene solution of 2-ethylhexylic nickel is used, it 
can be directly applied to the surface of an amorphous 
silicon film. In this case, it is advantageous to previously 
apply a material Such as an intimate contact agent used for 
resist application. However, if the amount of application is 
too large, the introduction of the catalytic element in the 
amorphous silicon will be hindered. 
The amount of the catalytic element contained in the 

solution depends on the kind of the solution. Roughly, the 
ratio of the weight of nickel to the weight of solution is 200 
to 1 ppm, preferably 50 to 1 ppm. This range has been 
determined, taking account of the concentration of nickel in 
the film after completion of crystallization and the resistance 
to hydrofluoric acid. 

In thc prescnt example, a solution containing a catalytic 
clement is applied to the top surface of an amorphous silicon 
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film. Before the formation of the amorphous silicon film, a 
solution containing the catalytic element may be applied to 
the base film. 

EXAMPLE 10 

A method of obtaining a crystalline silicon film by form 
ing a nickel film on a substrate of Corning 7059 glass and 
crystallizing an amorphous silicon film with this nickel film 
as a catalyst will now be described with reference to FIG. 17. 
On a substrate 201, a base silicon oxide film 202 of thickness 
2000 A was formed by the plasma CVD method. Next, a 
nickel film 203 of thickness less than 1000 A, for example 
50 A, was deposited by sputtering. The nickel film of 
thickness less than 100 A was of a form which would be 
more accurately described as particles, or clusters of plu 
ralities of particles joined together, than as a film. Good 
results were obtained when the substrate was heated to 100 
to 500° C., preferably 180° to 250° C., for the formation of 
the nickel film. This is because the adhesion between the 
silicon oxide base film and the nickel film is improved. A 
nickel silicide could have been used in place of the nickel. 
(FIG. 17(A)) 

After that, an amorphous silicon film 204 of thickness 500 
to 3000 A, for example 1500 A, was deposited by plasma 
CVD, and hydrogen purging was carried out in a nitrogen 
atmosphere at 430° C. for 0.1 to 2 hours, for example 0.5 
hours. (FIG. 17(B)) 

Next, this was annealed in a nitrogen atmosphere in an 
annealing furnace at 450° to 580° C., for example 550° C., 
for 8 hours. FIG. 17(C) illustrates the state during this 
annealing in which crystallization progresses as nickel dif 
fuses from the previously formed nickel film (particles, 
clusters) and crystalline silicon regions 205 grow and spread 
throughout the amorphous region 204A. 

After the crystallization finished, a temperature of 400 to 
600° C., for example 550° C., was maintained, trichloroet 
hylene (CHCl) was diluted with hydrogen or oxygen to 1 
to 10%, for example 10%, and introduced into the annealing 
furnace, and annealing was carried out for 0.1 to 2 hours, for 
example 1 hour. When the specimen thus chlorination 
treated was analyzed by secondary ion material spectrom 
etry (SIMS), the concentration of nickel in the silicon film 
was 0.01 atomic %. The concentration of nickel in a speci 
men on which-chlorination treatment was not performed 
was as much as 5 atomic 96. 

EXAMPLE 11 

A eleventh preferred embodimentis illustrated in FIG. 18. 
A base silicon oxide film 202 of thickness 2000 A was 
formed on a Corning 7059 glass substrate 201 by plasma 
CVD. Next, an amorphous silicon film 204 of thickness 500 
to 3000 A, for example 1500 A, was deposited by plasma 
CVD, and hydrogen purging was carried out in an atmo 
sphere of nitrogen at 430° C. for 0.1 to 2 hours, for example 
0.5 hours. 

After that, a nickel film 203 of thickness less than 1000 A, 
for example 80 A, was deposited by sputtering. The nickel 
film of thickness less than 100 A was of a form which would 
be more accurately described as particles, or clusters of 
pluralities of particles joined together, than as a film. For 
formation of the nickel film, good results were obtained 
when the substrate was heated to 100 to 500° C., and 
preferably 180° to 250° C. This is because the adhesion 
between the silicon oxide base film and the nickel film 
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improves. A nickel silicide could have been used in place of 
the nickel. (FIG. 18(A)) 

Next, this was annealed in a nitrogen atmosphere in an 
annealing furnace at 450° to 580° C., for example 550° C., 
for 4 hours. FIG. 18(B) illustrates the way in which, during 
this annealing, as nickel diffuses from the previously formed 
nickel film (particles, clusters), crystallization progresses, 
and crystalline silicon regions 205 grow and spread through 
out the amorphous region 204A. 

After the crystallization finished, a temperature of 400° to 
600° C., for example 580 C., was maintained, trichloroet 
hylene (CHCl) was diluted with hydrogen or oxygen to 1 
to 10%, for example 5%, and introduced into the annealing 
furnace, and annealing was carried out for 0.1 to 2 hours, for 
example 0.5 hours. 

EXAMPLE 12 

A twelfth preferred embodiment is illustrated in FIG. 19. 
A base silicon oxide film 232 of thickness 2000 A was 
formed on a Corning 7059 glass substrate 231 by plasma 
CVD. Next, a nickel film 233 of thickness less than 1000 A, 
for example 80A, was deposited by sputtering. (FIG. 19(A)) 
The whole surface was then coated with a photoresist, and 

using a commonly known photolithography method a resist 
pattern 234 was formed. (FIG. 19(B)) 

This was then immersed in a suitable etchant, for example 
5 to 30% hydrochloric acid solution, and the exposed parts 
of the nickel film were removed. The film can be removed 
in the same way in cases where nickel silicide was used. 
(FIG. 19(C)) 
The photoresist was then removed by a commonly known 

method, and a nickel film pattern 235 was formed. (FIG. 
19(D)) 

After that, an amorphous silicon film was deposited by 
plasma CVD to a thickness of 500 to 300 A, for example 
1500 A, and hydrogen purging was carried out in a nitrogen 
atmosphere at 430° C. for 0.1 to 2 hours, for example 0.5 
hours. Next, this was annealed in a nitrogen atmosphere in 
an annealing furnace at 450° to 580° C., for example 550 
C., for 4 hours. FIG. 19(E) illustrates the way in which, 
during this annealing, as nickel diffuses from the previously 
formed nickel film pattern, crystallization progresses, and 
crystalline silicon regions 236 grow and spread throughout 
the amorphous region 237. 

After the crystallization finished, a temperature of 400° to 
600° C., for example 580° C., was maintained, hydrogen 
chloride (HCL) was diluted with hydrogen or oxygen to 1 to 
10%, for example 10%, and introduced into the annealing 
furnace, and annealing was carried out for 0.1 to 2 hours, for 
example 0.5 hours. When the specimen thus chlorination 
treated was analyzed by secondary ion material spectrom 
etry (SIMS), the concentration of nickel in the silicon film 
was 5 to 10 PPM. The concentration of nickel in a specimen 
on which chlorination treatment was not performed was as 
much as 1 atomic %. 

EXAMPLE 3 

A thirteenth preferred embodiment is illustrated in FIG. 
20. A base silicon oxide film 242 of thickness 2000 A was 
formed on a Corning 7059 glass substrate 241 by plasma 
CVD. Next, an amorphous silicon film 243 of thickness 500 to 3000 A, for example 1500 A, was deposited by plasma 
CVD, and then a nickel film 244 of thickness less than 1000 A, for example 80 A, was deposited by sputtering. (FIG. 
20CA)) 
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The whole surface was coated with a photoresist, and 

using a commonly known photolithography method a resist 
pattern 245 was formed. (FIG.20(B)) 

This was then immersed in a suitable etchant, for example 
5 to 30% hydrochloric acid solution, and the exposed parts 
of the nickel film were thereby removed. (FIG. 200C)) 
The photoresist was then removed by a commonly known 

method, and a nickel film pattern 246 was formed. (FIG. 
20(D)) 

After that, hydrogen purging was carried out in a nitrogen 
atmosphere at 430° C. for 0.1 to 2 hours, for example 0.5 
hours. Next, this was annealed in a nitrogen atmosphere in 
an annealing furnace at 450° to 580° C., for example 550° 
C., for 4 hours. FIG. 200E) illustrates the way in which, 
during this annealing, as nickel diffuses from the previously 
formed nickel film pattern, crystallization progresses, and 
crystalline silicon regions 247 grow and spread throughout 
the amorphous region 248. 

After the crystallization finished, a temperature of 400 to 
600 C., for example 580° C., was maintained, trichloroet 
hylene (CHCl) was diluted with hydrogen or oxygen to 1 
to 10%, for example 5%, and introduced into the annealing 
furnace, and annealing was carried out for 0.1 to 2 hours, for 
example 0.5 hours. When the specimen thus chlorination 
treated was analyzed by secondary ion material spectrom 
etry (SIMS), the concentration of nickel in the silicon film 
was 5 to 10 PPM. The concentration of nickel in a specimen 
on which the above chlorination treatment was not per 
formed was as much as 0.1 to 1 atomic %. 

EXAMPLE 14 

A fourteenth preferred embodiment is illustrated in FIG. 
21. A base silicon oxide film 252 of thickness 2000 A was 
formed on a Corning 7059 glass substrate 251 by plasma 
CVD. The whole surface was then coated with a photoresist, 
and using a commonly known photolithography method a 
resist pattern 253 was formed. (FIG. 21(A)) 

Next, a nickel film 254 was deposited to a thickness of 80 
by sputtering. (FIG. 21.(B)) 
The photoresist was then removed by a commonly known 

method and the nickel film adhered to the top of the resist 
was also removed at the same time, thereby producing a 
nickel film pattern 255. (FIG. 21(C)) 

After that, an amorphous silicon film was deposited to a 
thickness of 1000A by plasma CVD. Hydrogen purging was 
not carried out. Next, this was annealed in a nitrogen 
atmosphere in an annealing furnace at 450° to 580 C., for 
example 550° C., for 4 hours. FIG. 21(E) illustrates the way 
in which, during this annealing, as nickel diffuses from the 
previously formed nickel film pattern, crystallization 
progresses, and crystalline silicon regions 256 grow and 
spread throughout the amorphous region 257. 

After crystallization finished, a temperature of 550° C. 
was maintained, trichloroethylene (CHCl) was diluted 
with hydrogen or oxygen to 1 to 10%, for example 5%, and 
introduced into the annealing furnace, and annealing was 
carried out for 0.5 hours. 

EXAMPLE 5 

A fifteenth preferred embodiment is illustrated in FIG. 22. 
A base silicon oxide film 262 of thickness 2000 A was 
formed on a Corning 7059 glass substrate 261 by plasma 
CVD. After that, an amorphous silicon film 283 of thickness 
500 A was deposited by plasma CVD. Hydrogen purging 
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was not carried out. The whole surface was then coated with 
a photoresist, and using a commonly known photolithogra 
phy method a resist pattern 264 was formed. (FIG. 22(A)) 

Next, a nickel film 285 was deposited to a thickness of 
about 100 A by electron beam vaporization. (FIG. 22(B)) 
The photoresist was then removed by a commonly known 

method and the nickel film adhered to the top of the resist 
was also removed at the same time, thereby producing a 
nickel film pattern 266. (FIG. 22(C)) 

Next, this was annealed in a nitrogen atmosphere in an 
annealing furnace at 550° C. for 4 hours. FIG. 22(E) 
illustrates the way in which, during this annealing, as nickel 
diffuses from the previously formed nickel film pattern, 
crystallization progresses, and crystalline silicon regions 
287 grow and spread throughout the amorphous region 268. 

After crystallization finished, a temperature of 500° C. 
was maintained, hydrogen chloride (HCL) was diluted with 
hydrogen or oxygen to 1 to 10%, for example 1%, and 
introduced into the annealing furnace, and annealing was 
carried out for 0.5 hours. 

EXAMPLE 16 

A sixteenth preferred embodiment is characterized in that 
a crystalline silicon film having good crystalline properties 
is obtained by a process in which a catalyst element which 
promotes the crystallization of an amorphous silicon film is 
introduced into an amorphous silicon film and crystallization 
is brought about by heating and a process in which after this 
first process the crystallinity is further raised by irradiation 
with laser light. 
The manufacturing processes of this seventh preferred 

embodiment will be described below with reference to FIG. 
23. First, on a substrate 201, a base silicon oxide film 202 of 
thickness 2000 A was formed by plasma CVD. Next, a 
nickel film 203 of thickness less than 1000 A, for example 
50 A, was deposited by sputtering. The nickel film of 
thickness less than 100 A was of a form which would be 
more accurately described as particles, or clusters of plu 
ralities of particles joined together, than as a film. Good 
results were obtained when the substrate was heated to 100° 
to 500° C., preferably 180° to 250° C., for the formation of 
the nickel film. This is because the adhesion between the 
silicon oxide base film and the nickel film improves. A 
nickel silicide could have been used instead of nickel. (FIG. 
23(A)) 

After that, hydrogen purging was carried out in an atmo 
sphere of nitrogen at 430°C. for 0.1 to 2 hours, for example 
0.5 hours. (FIG. 23(B)) 

Next, this was annealed in a nitrogen atmosphere in an 
annealing furnace at 450° to 580° C., for example 550° C., 
for 8 hours. FIG. 23(C) illustrates the way in which, during 
this annealing, as nickel diffuses from the previously formed 
nickel film (particles, clusters), crystallization progresses, 
and crystalline silicon regions 205 grow and spread within 
the amorphous region 204A. 

After the heat annealing was finished, annealing by irra 
diation with laser light 271 was carried out. For the laser 
light, a KrF excimer laser (wavelength 248 nm, pulse width 
20 nsec) was used. The laser light irradiation was performed 
for 2 shots at an energy density of 250 m.J/cm. The substrate 
was heated to 300° C. for the laser light irradiation. This is 
to increase the effect of the laser light irradiation. 

For the laser light, an XeCl excimer laser (wavelength 308 
nm), or an ArF excimer laser (wavelength 193 nm) or the 
like can alternatively be used. Alternatively, a method based 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

26 
on irradiation not with laser light but rather with strong light 
may be employed. In particular, RTA (Rapid Thermal 
Annealing), which is based on short-duration irradiation 
with infrared light, has the advantage that it is possible to 
selectively heat silicon film in a short period of time. 

After the completion of annealing by irradiation with laser 
light, a temperature of 400° C. to 600° C., for example 550, 
was maintained, trichloroethylene (CHCl) was diluted 
with hydrogen or oxygen to 1 to 10%, for example 10%, and 
introduced into the annealing furnace, and annealing was 
carried out for 0.1 to 2 hours, for example 1 hour. In this way 
it was possible to obtain a crystalline silicon film. 
When a specimen thus chlorination treated was analyzed 

by secondary ion material spectrometry (SIMS), the con 
centration of nickel in the silicon film was 1x10cm. The 
concentration of nickel in a specimen on which chlorination 
treatment was not performed was as much as 1x10cm. 

It is possible to obtain a silicon film with good crystalline 
properties in the way described above. As a result of 
carrying out this treatment, the region 205 that had been 
crystallized by heat annealing became a silicon film of good 
crystalline quality. On the other hand, although as a result of 
the laser irradiation a polycrystalline film was also obtained 
in the region 204A which had not been crystallized, and a 
change in the quality of the film was observed, it was found 
by Raman spectrometry that the crystalline quality in this 
region was not good. Also, examination with a transmission 
electron microscope revealed that whereas in the region 4A, 
which was crystallized by being irradiated by the laser while 
still uncrystallized, countless small crystals had been 
formed, the region 205, which was laser-irradiated after 
having already been crystallized, relatively large crystals 
with their crystals aligned in the same direction were 
observed. 

When a silicon film 205 obtained in this way was formed 
into an island shape and a TFT was made, a marked 
improvement in performance was observed. That is, whereas 
in an N channel type TFT made using a silicon film 
crystallized according to the first preferred embodiment 
described above the electric field effect mobility was 40 to 
60 cm/Vs and the threshold voltage was 3 to 8 V, in an N 
channel type TFT manufactured by exactly the same method 
but made using a silicon film obtained according to this 
preferred embodiment the mobility was 150 to 200 cm/Vs 
and the threshold voltage was 0.5 to 1.5; the mobility was 
greatly improved, and the variation in the threshold voltage 
was reduced. 

Although in the past it has been possible to obtain this 
kind of performance by crystallization of amorphous silicon 
films by laser crystallization alone, with conventional laser 
crystallization there has been wide variation in the charac 
teristics of the silicon films obtained and there has been the 
problem that mass-producability has been poor because 
temperatures of over 400° C. and irradiation at high laser 
energies of over 350 m.J/cm have been necessary for the 
crystallization. With respect to this point, with this preferred 
embodiment, because both the substrate temperature and the 
energy density are entirely satisfactory at lower values than 
these, there were no problems relating to mass-producabil 
ity. Furthermore, because the variation in characteristics is 
about the same as that encountered with solid phase growth 
crystallization by conventional thermal annealing, the TFTs 
obtained also had uniform characteristics. 

It is noted that with this invention when the concentration 
of the Ni was too low the crystallization of the silicon film 
was not satisfactory and the characteristics of the obtained 
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TFTs were not good. However, in this preferred embodi 
ment, because even if the crystallinity of the silicon film is 
unsatisfactory it can be made up for by the subsequent laser 
irradiation, even when the Ni concentration was low there 
was no deterioration in the characteristics of the TFTs. As a 
result of this, it is possible to further reduce the nickel 
concentration in the active layer regions of the device and a 
structure extremely favorable to the electrical stability and 
reliability of the device can be adopted. 

EXAMPLE 17 

An seventeenth preferred embodiment of the invention 
relates to a method in which the nickel serving as the catalyst 
element is introduced in the liquid phase. The manufacturing 
processes of this eighth preferred embodiment will be 
described below with reference to FIG. 24. First, a base 
silicon oxide film 286 of thickness 2000 was formed on a 10 
cm-square Corning 7059 glass substrate 281 by plasma 
CVD. After that, an amorphous silicon film 283 was depos 
ited to a thickness of 500A by plasma CVD. Then, a silicon 
oxide film of thickness 1500A was formed over the whole 
surface, and a mask pattern 284 was formed using a com 
monly known photolithography method. This mask pattern 
284 of silicon oxide film is for selectively introducing 
nickel. Resist may be used, instead of silicon oxide, for the 
mask pattern. 

Next, a thin silicon oxide film 282 was formed by 
ultraviolet irradiation in an oxygen atmosphere. This silicon 
oxide film 282 was made by irradiation with UV light for 5 
minutes in an oxygen atmosphere. The thickness of this 
silicon oxide film 282 is thought to be about 20 to 50 A. This 
silicon oxide film is formed in order to improve the leak 
characteristic of a solution that is applied in a later process. 
In this state, 5 ml (in the case of a 10 cm square substrate) 
of an acetate solution made by adding 100 ppm (weight 
conversion) to an acetate solution was dripped onto the 
specimen. Spin coating at 50 rpm was performed for 10 
seconds on a spinner 280, and a water film 285, uniform over 
the whole surface of the substrate, was thereby formed. 
Then, after this state had been held for 5 minutes, spin 
drying at 2000 rpm for 60 seconds was carried out using the 
spinner 280. This holding can be performed on the spinner 
while the spinner is rotated at 0 to 150 rpm. (FIG. 24(A)) 
The state illustrated in FIG. 24(B) is thus obtained. This 

state is one in which the catalyst element nickel is in contact 
with the amorphous silicon film 283 through the extremely 
thin oxide film 282. 

Next, this was annealed in an annealing furnace at 550° C. 
for 4 hours in a nitrogen atmosphere. At this time, nickel 
diffuses through the oxide film 282 into the amorphous 
silicon film, and crystallization progresses. 

FIG. 24(C) illustrates the way in which, during this 
annealing, as nickel diffuses from the oxide film 282 por 
tions, crystallization progresses, and crystalline silicon 
regions 287 grow and spread throughout the amorphous 
region 288. 

After the crystallization finished, a temperature of 500° C. 
was maintained, hydrogen chloride (HCL) was diluted with 
hydrogen or oxygen to 1 to 10%, for example 1%, and 
introduced into the annealing furnace, and annealing was 
carried out for 0.5 hours. 

In this way, it was possible to obtain a crystalline silicon 
film. FIG. 25 shows the results of a SIMS investigation of 
the nickel concentration in a crystalline silicon film of which 
the crystallization process is finished. The region of which 
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the nickel concentration was investigated is the region which 
was protected by the silicon oxide film 284 serving as a 
mask, and is a region into which nickel was not directly 
introduced. 

Also, it has been confirmed that the concentration of 
nickel in the region into which nickel was directly intro 
duced, i.e. the region into which nickel diffused through the 
oxide film 282, is one order higher than the concentration 
distribution shown in FIG. 25. Further improving the crys 
tallinity of a silicon film obtained in this way by irradiation 
with laser light or an equivalent strong light, as per the 
second preferred embodiment described above, is effective. 

It is possible to control the nickel concentrations shown in 
FIG. 25 by controlling the nickel concentration in the 
solution. Although in this preferred embodiment the nickel 
concentration in the solution was set at 100 ppm, it has been 
found that crystallization is still possible when this concen 
tration is set to 10 ppm. When this is done, the nickel 
concentrations shown in FIG. 25 can be further reduced by 
one order. However, there is the problem that when the 
nickel concentration in the solution is made low, the crystal 
growth distances becomes short. 

Crystalline silicon film crystallized in the way described 
above can be used as it is for the active layers of TFTs. In 
particular, using regions in which crystal growth has taken 
place from the region into which nickel was introduced in a 
direction parallel to the substrate to form the active layers of 
TFTs is extremely advantageous in that their catalyst ele 
ment concentration is low. 

In this preferred embodiment, as the solution containing 
the catalyst element, acetate solution was used; however, it 
is possible to widen this and use water Solutions or organic 
solvent solutions or the like. Here the catalyst element does 
not have to be included as a chemical compound and may 
alternatively be included by simple dispersion. 
As the solvent which is made to contain the catalyst 

element, any of the polar solvents water, alcohol, acid or 
ammonia can alternatively be used. 

In cases when nickel is used as the catalyst and this nickel 
is to be included in a polar solvent, the nickel is introduced 
in the form of a chemical compound of nickel. As this nickel 
compound, nickel compounds chosen from among for 
example nickel bromide, nickel acetate, nickel oxalate, 
nickel carbonate, nickel chloride, nickel iodide, nickel 
nitrate, nickel sulfate, nickel formate, nickel acetylaceto 
nate, 4-cyclohexyl butyric acid nickel, nickel oxide and 
nickel hydroxide can be used. 

Also, as the solvent, any of the non-polar solvents ben 
Zene, toluene, xylene, carbon tetrachloride, chloroform and 
ether can be used. 

In this case, nickel is introduced as a chemical compound 
of nickel. As this nickel compound, nickel compounds 
chosen from among for example nickel acetylacetonate and 
2-ethylhexanoic acid nickel can be used. 
The addition of a detergent to the solution containing the 

catalyst element is beneficial. This is because it raises the 
adhesion with the surface that is coated and controls the 
adsorbency. This detergent may be coated in advance onto 
the surface that is to be coated. When simple nickel is used 
as the catalyst element, it is necessary for the nickel to be 
first made into a solution by dissolving in acid. 
That which is discussed above is an example in which a 

solution made by dissolving the catalyst element nickel 
completely is used; however, an emulsion-like substance in 
which a powder consisting of simple nickel or a compound 
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of nickel is uniformly dispersed in a dispersion medium may 
alternatively be used instead of completely dissolving the 
nickel. Alternatively, a solution for forming oxide films can 
be used. As this kind of solution, OCD (Ohka Diffusion 
Source), made by Tokyo Ohka Chemical Industries Co., 
Ltd., can be used. By coating this OCD onto a non 
crystalline silicon film and baking it at about 200° C., a 
silicon oxide film can be formed simply. A catalyst element 
can then be caused to diffuse from this silicon oxide film into 
the non-crystalline silicon film. 

It is noted that these points also apply to cases where a 
material other than nickel is used as the catalyst element. 

Also, by using a non-polar solvent such as a toluene 
Solution of 2-ethylhexanoic acid nickel as the solution it is 
possible to coat the solution directly onto the surface of the 
amorphous silicon. In this case it is beneficial that a material 
like an adhesive used in the application of resist be applied 
in advance. However, because when the amount applied is 
too great this can have the reverse effect of obstructing the 
addition of the catalyst element to the amorphous silicon 
film, caution is necessary. 
The quantity of the catalyst element to be included in the 

solution depends on the type of solution, but as a general rule 
it is desirable that the quantity of nickel with respect to the 
solution be 1 ppm to 200 ppm, and preferably 1 ppm to 50 
ppm (weight conversion). This is a value determined in 
consideration of the nickel concentration and resistance to 
fluoric acid of the film after crystallization is finished. 

EXAMPLE 18 

An example of positional relation among a crystallized 
region, an active layer (channel region) of a TFT, a contact 
hole, and a region to which a catalytic element is added in 
forming the TFT according to the present invention is 
described in this EXAMPLE 18. A pixel part of an active 
matrix is described below. 

FIGS. 26(A) to 26(F) show steps for manufacturing a TFT 
of this example. At first, as shown in FIG. 26(A), a silicon 
oxide base film 92 is deposited on a substrate 91 to a 
thickness of 2000 A by sputtering. Further, an amorphous 
silicon film 93 is deposited to a thickness of 300 to 1500 A, 
e.g. 800 A, by plasma CVD. A silicon oxide film 94 of 200 
to 2000 A, e.g. 300 A, is formed and perforated to form holes 
96a and 96b. Thus, the silicon oxide film 94 is patterned into 
a mask. Then, an extremely thin nickel or nickel compound 
film 95 is formed on the entire surface by sputtering or spin 
coating as employed in Example 9. 

Next, annealing is performed in a nitrogen atmosphere at 
550°C. for 4 hours. By this step, portions 97a and 97b of the 
silicon film 93 located just under the holes 96a and 96b is 
changed into a silicide, and silicon regions 98a and 98b are 
crystallized from the portions. The ending portions have a 
high nickel concentration. (FIG. 26(B)) 

After sufficient crystallization, crystallization proceeding 
from the holes 96a and 96b collides with each other at a 
midway therebetween and stops at the midway. A region 99a 
having a high nickel concentration remains at the midway. 
A photo anneal may be further performed in this condition 
by an excimer laser and the like as employed in Example 8. 
(FIG. 26(C)) 

Next, the crystalline silicon film thus obtained is patterned 
to form an island silicon region 400 as shown in FIG. 26(D). 
A portion of high nickel concentration regions 97a and 99c 
remains in the silicon region 400. Further, a silicon oxide 
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gate insulating film 401 of 700 to 2000 A, e.g. 1200 A, in 
thickness is formed by plasma CVD. (FIG.26(D)) 

Thereafter, an aluminum gate electrode 402 is formed by 
the same means as in Example 5. An anodic oxide 403 
having a thickness of 1000 to 5000 A is formed around the 
gate electrode. Then, N-type impurity regions 404 and 405 
are formed by diffusing an impurity by ion doping method. 
The gate electrode should be located so that the high nickel 
concentration regions 97a and 99c be located out of the 
portion (the channel region) located just under the gate 
electrode as shown in FIG. 2B(E). 

After doping, the source and drain are activated by laser 
light irradiation. Further, an interlayer insulator 406 is 
deposited, and a transparent conductive film having a thick 
ness of 500 to 1500 A, e.g. 800 A, is formed by sputtering 
and patterned by etching to form a pixel electrode 407. 
Further, contact holes are formed in the interlayer insulator 
406, and metallic electrodes 408 and 409 are formed to the 
source and drain to complete the TFT, 

It is desirable to form the contact holes apart from the high 
nickel concentration regions. 97a and 99c. This can be 
realized by designing the contact holes so that the contact 
holes does not overlap the holes 96a and 96b for adding 
nickel. Otherwise, a defective contact would readily be 
formed by the overetch of the silicon film during the 
formation of the contact holes because the high nickel 
concentration regions are readily etched by a solution con 
taining hydrogen fluoride group as compared with the sili 
con film containing no nickel. In the drawing, the contact on 
the left side partly overlaps the high, nickel concentration 
region 97a. It is desirable that at least a portion of the 
electrode is in contact with a region other than the region to 
which nickel is added. 
As described above, this invention is revolutionary in the 

sense that it provides a way of advancing the use of low 
temperatures and short time periods in the crystallization of 
amorphous silicon; also, because the equipment, apparatus 
and techniques used to achieve this are both extremely 
ordinary and highly suited to mass-production, the potential 
benefits of the invention to industry are enormous. 

For example, whereas in the conventional solid phase 
growth method, because annealing for at least 24 hours was 
held to be necessary, if the substrate treatment time for one 
sheet of substrate was 2 minutes then as many as 15 
annealing furnaces were necessary, with this invention, 
because the time required for annealing can be reduced to 
less than 4 hours, the number of annealing furnaces can be 
cut down to less than /6 of the number that were required 
before. The improvement in productivity and reductions in 
capital investment in equipment that result from this lead to 
reductions in substrate treatment costs and hence to reduc 
tions in TFT prices and to consequent stimulation of fresh 
demand for TFTs. This invention is thus of industrial value 
and is worthy to receive a patent. 
What is claimed is: 
1. A thin-film transistor comprising: 
a silicon film containing at least one material of nickel, 

iron, cobalt, platinum and palladium; 
an insulating film provided on said silicon film; and 
a gate electrode provided on said insulating film; 
wherein concentration of said material does not exceed 

1x10' atom/cm. 
2. The transistor of claim 1 wherein said concentration of 

said material is 1x10 atoms/cm or more. 
3. The transistor of claim 1 wherein said silicon film 

contains 1x10" atoms/cm to 5 atomic % of hydrogen. 
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4. A thin-film transistor comprising: 
a Source and a drain; 
wherein at least one of said source and said drain consists 

of a semiconductor containing at least one material of 
nickel, iron, cobalt, platinum and palladium; and 

concentration of said material does not exceed 1x10' 
atoms/cm. 

5. The transistor of claim 4 wherein said concentration of 
said material is 1x10' atoms/cm or more. 

6. The transistor of claim 4 wherein said silicon film 
contains 1x10" atoms/cm to 5 atomic % hydrogen. 

7. A semiconductor comprising: 
a crystalline silicon film; 
wherein said silicon film contains at least one material of 

nickel, iron, cobalt, platinum and palladium; and 
concentration of said material does not exceed 1x10' 
atoms/cm. 

8. The transistor of claim 7 wherein said concentration of 
said material is 1x10' atoms/cm or more. 

9. The transistor of claim 7 wherein said silicon film 
contains 1x10' atoms/cm to 5 atomic % of hydrogen. 

10. The semiconductor of claim 7 wherein the semicon 
ductor contains 1x10' atoms/cm or less each of carbon, 
oxygen, and nitrogen. 

11. The semiconductor of claim 7 wherein the crystalli 
Zation of the silicon film is confirmed by Raman scattering 
spectroscopy. 

12. The semiconductor of claim 7 wherein the semicon 
ductor is formed on an insulating surface. 

13. A thin-film transistor comprising: 
a silicon film containing at least one material of nickel, 

iron, cobalt, platinum and palladium; 
an insulating film provided on said silicon film; 
a gate electrode provided on said insulating film; 
wherein said material is introduced into said silicon film 

for crystallization thereof and removed such that con 
centration of said material do not exceed 1x10' atoms/ 
cm. 
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14. The transistor of the claim 13 wherein said removal is 

performed by annealing said silicon film in an atmosphere 
containing chlorine atoms. 

15. The transistor of the claim 13 wherein said removal is 
performed by dissolving a metal silicide in hydrofluoric acid 
or hydrochloric acid, said metal silicide being formed by 
said introducing. 

16. A thin-film transistor comprising: 
a source and a drain; 
wherein at least one of said source and said drain consists 

of a semiconductor film containing at least one material 
of nickel, iron, cobalt, platinum and palladium; and 

said material is introduced into said silicon film for 
crystallization thereof and removed such that concen 
tration of said material do not exceed 1x10' atoms/ 
C. 

17. The transistor of the claim 16 wherein said removal is 
performed by annealing said silicon film in an atmosphere 
containing chlorine atoms. 

18. The transistor of the claim 16 wherein said removal is 
performed by dissolving a metal silicide in hydrofluoric acid 
or hydrochloric acid, said metal silicide being formed by 
said introducing. 

19. A semiconductor comprising: 
a crystalline silicon film; 
wherein said silicon film contains at least one material of 

nickel, iron, cobalt, platinum; and 
said material is introduced into said silicon film for 

crystallization thereof and removed such that concen 
tration of said material do not exceed 1x10' atoms/ 
C. 

20. The transistor of the claim 19 wherein said removal is 
performed by annealing said silicon film in an atmosphere 
containing chlorine atoms. 

21. The transistor of the claim 19 wherein said removal is 
performed by dissolving a metal silicide in hydrofluoric acid 
or hydrochloric acid, said metal silicide being formed by 
said introducing. 


